Context. The observed relation between the X-ray radiation from active galactic nuclei, originating in the corona, and the optical/UV radiation from the disk is usually described by the anticorrelation between the UV to X-ray slope α ox and the UV luminosity. Many factors can affect this relation, including: i) enhanced X-ray emission associated with the jets of radio-loud AGNs, ii) X-ray absorption associated with the UV broad absorption line (BAL) outflows, iii) other X-ray absorption not associated with BALs, iv) intrinsic X-ray weakness, v) UV and X-ray variability, and non-simultaneity of UV and X-ray observations. The separation of these effects provides information about the intrinsic α ox − L UV relation and its dispersion, constraining models of disk-corona coupling. Aims. We use simultaneous UV/X-ray observations to remove the influence of non-simultaneous measurements from the α ox − L UV relation. Methods. We extract simultaneous data from the second XMM-Newton serendipitous source catalogue (XMMSSC) and the XMMNewton Optical Monitor Serendipitous UV Source Survey catalogue (XMMOMSUSS), and derive the single-epoch α ox indices. We use ensemble structure functions to analyse multi-epoch data.
Introduction
The relationship between the X-ray and optical/UV luminosity of active galactic nuclei (AGNs) is usually described in terms of the index α ox = 0.3838 log(L X /L UV ), i.e., the slope of a hypothetical power law between 2500 Å and 2 keV rest-frame frequencies. The X-ray and UV monochromatic luminosities are correlated over 5 decades as L X ∝ L k UV , with k ∼ 0.5 − 0.7, and this provides an anticorrelation α ox = a log L UV + const, with −0.2 < ∼ a < ∼ −0.1 (e.g., Avni & Tananbaum 1986; Vignali et al. 2003; Strateva et al. 2005; Steffen et al. 2006; Just et al. 2007; Gibson et al. 2008) . One of the main results of these analyses is that QSOs are universally X-ray luminous and that Xray weak QSOs are very rare (e.g., Avni & Tananbaum 1986; Gibson et al. 2008 ), but it is not yet known if the same is true for moderate luminosity AGNs. UV photons are generally believed to be radiated from the QSO accretion disk, while X-rays are supposed to originate in a hot coronal gas of unknown geometry and disk-covering fraction. The X-ray/UV ratio provides information about the balance between the accretion disk and the corona, which is not yet understood in detail. The α ox − L UV anticorrelation implies that AGNs redistribute their energy in the UV and X-ray bands depending on the overall luminosity, with more luminous AGNs emitting fewer X-rays per unit UV luminosity than less luminous AGNs (Strateva et al. 2005) . It
Send offprint requests to: F. Vagnetti, Visitor at ASI Science Data Center, via Galileo Galilei, 00044 Frascati, Italy has been proposed that the anticorrelation can be caused by the larger dispersion in the luminosities in the UV than the X-ray band for a population with intrinsically uniform α ox (La Franca et al. 1995; Yuan et al. 1998) ; however, more recent analyses based on samples with wider luminosity ranges confirm the reality of the relationship (Strateva et al. 2005) . Gibson et al. (2008) stressed the quite large scatter in the X-ray brightness of individual sources about the average relation and investigated the possible causes of the dispersion. Part of this scatter, usually removed (e.g., Strateva et al. 2005; Steffen et al. 2006; Just et al. 2007; Gibson et al. 2008 ) is caused by radio-loud quasars, which are relatively X-ray bright because of the enhanced X-ray emission associated with their jets (e.g., Worrall et al. 1987) , and to broad absorption line (BAL) quasars, which are relatively Xray faint (e.g., Brandt et al. 2000) due to X-ray absorption associated with the UV BAL outflows. Additional causes of deviations from the average α ox − L UV relation include: i) X-ray absorption not associated with BALs, ii) intrinsic X-ray weakness, and iii) UV and X-ray variability, possibly in association with non-simultaneous UV and X-ray observations. In particular, Gibson et al. (2008) estimate that variability may be responsible for 70%-100% of the α ox dispersion, and that a few percent (< 2%) of all quasars are intrinsically X-ray weak by a factor of 10, compared to the average value at the same UV luminosity. A large fraction of intrinsically X-ray weak sources would suggest that coronae may frequently be absent or disrupted in QSOs. An extreme case is PHL 1811, which is X-ray weak by a factor ∼70, studied in detail by Leighly et al. (2007) , who propose various scenarios, including disk/corona coupling by means of magnetic reconnections, Compton cooling of the corona by unusually soft optical/UV spectrum, and the photon trapping of X-ray photons and their advection to the black hole. The influence of variability on the α ox − L UV relation can be divided into two different effects: i) non-simultaneity of X-ray and UV measurements, which we call "artificial α ox variability", and ii) true variability in the X-ray/UV ratio, which we refer to as "intrinsic α ox variability". It is beneficial to analyse simultaneously acquired X-ray and UV data to eliminate the effect of the artificial variability and search for the intrinsic X-ray/UV ratio and/or its variability. On a rest-frame timescale of a few years, the optical/UV variability of QSOs has been estimated to be ∼30% (e.g., Giallongo et al. 1991; Vanden Berk et al. 2004) , while X-ray variability has been estimated to be ∼40% for Seyfert 1 AGNs (Markowitz et al. 2003) . On intermediate timescales, the relation between X-ray and optical/UV variability may be due to either: i) the reprocessing of X-rays into thermal optical emission, by means of irradiation and heating of the accretion disk, or ii) Compton up-scattering, in the hot corona, of optical photons emitted by the disk. In the former case, variations in the Xray flux would lead optical/UV ones, and vice versa in the latter case. Cross-correlation analyses of X-ray and optical/UV light curves allow us to constrain models for the origin of variability. The main results obtained so far, on the basis of simultaneous X-ray and optical observations, indicate a cross-correlation between X-ray and UV/optical variation on the timescale of days, and in some cases delays of the UV ranging from 0.5 to 2 days have been measured (Smith & Vaughan 2007) . Simultaneous X-ray/UV data can be obtained by the XMM-Newton satellite, which carries the co-aligned Optical Monitor (OM). The second XMM-Newton serendipitous source catalogue (XMMSSC) (Watson et al. 2009 ) is available online in the updated incremental version 2XMMi
1 . The XMM-Newton Optical Monitor Serendipitous UV Source Survey catalogue (XMMOMSUSS) is also available online 2 . We look for simultaneous measurements of the α ox index from XMM/OM catalogues, to provide at least partial answers to the following questions: how large is the effect of non-simultaneous X-ray/UV observations on the dispersion about the average α ox − L UV relationship? Is there any spectral X-UV variability for individual objects? Do their α ox harden in the bright phases or vice versa? Which constraints do these measurements place on the relationship between the accretion disk and the corona?
The paper is organised as follows. Section 2 describes the data extracted from the archival catalogues. Section 3 describes the SEDs of the sources and the evaluation of the specific UV and X-ray luminosities. Section 4 discusses the α ox − L UV anticorrelation and its dispersion. In Sect. 5, we present the multiepoch data and discuss the intrinsic X/UV variability of individual sources. Section 6 provides notes about individual peculiar sources. Section 7 discusses and summarises the results.
Throughout the paper, we adopt the cosmology H o =70 km s −1 Mpc −1 , Ω m =0.3, and Ω Λ =0.7.
The data
The updated incremental version 2XMMi of the second XMMNewton serendipitous source catalogue (XMMSSC) (Watson et al. 2009 ) is available online and contains 289083 detections between 2000 February 3 and 2008 March 28 3 . The net sky area covered by the catalogue fields is ∼ 360 deg 2 . XMMOMSUSS is a catalogue of UV sources detected serendipitously by the Optical Monitor (OM) onboard the XMM-Newton observatory and is a partner resource to the 2XMM serendipitous X-ray source catalogue. The catalogue contains source detections drawn from 2417 XMM-OM observations in up to three broad-band UV filters, performed between 2000 February 24 and 2007 March 29. The net sky area covered is between 29 and 54 square degrees, depending on UV filter. The XMMOMSUSS catalogue contains 753578 UV source detections above a signal-to-noise ratio threshold limit of 3-σ, which relate to 624049 unique objects.
We first correlated the XMMSSC with the XMMOMSUSS catalogue to search for X-ray and UV sources with a maximum separation of 1.5 arcsec, corresponding to ∼ 1σ uncertainty in the X-ray position. This yields 22061 matches. To obtain simultaneous X-ray and UV data, we searched for data from the same XMM-Newton observations, comparing the parameters OBS ID and OBSID of the XMMSSC and XMMOMSUSS catalogue, respectively, that identify uniquely the XMM-Newton pointings. This reduces the set to 8082 simultaneous observations. For the correlations, we used the Virtual Observatory application TOPCAT 4 . We then correlated this table with the Sloan Digital Sky Survey (SDSS) Quasar Catalogue, Data Release 5, to provide optical classifications and redshifts for the matched objects (Schneider et al. 2007 ). Using again a maximum distance of 1.5 arcsec (uncertainty in the X-ray position), we found 310 matches. Increasing the maximum distance up to 5 arcsec, we add only 5 matches, none of which has a separation > 2 arcsec. This indicates that, in spite of the relatively small (1.5 arcsec ∼ 1σ) cross-correlation radius adopted to reduce the contamination, the resulting incompleteness (at the present flux limit) is negligible. The X-ray to optical ratios of the added 5 sources are not peculiar, therefore we used the entire sample of 315 matches. This also includes multi-epoch data for 46 sources (from 2 to 9 epochs each) and single-epoch observations for 195 more sources, for a total number of 241 sources.
To estimate the probability of false identifications, we applied an arbitrary shift of 1 arcmin in declination to the X-ray coordinates of the 8082 simultaneous observations, and we found 219 UV/X-ray spurious associations, i.e., 2.7%. This would correspond to ∼ 8 spurious matches among the 315 observations of our final sample.
The relevant data of the sources are reported in Table 1 , where: Col. 1 corresponds to the source serial number; Col. 2, the observation epoch serial number; Col. 3 source name; Col. 4 epoch (MJD); Col. 5 redshift; Col. 6 radio-loud flag (1=radio-loud, 0=radio-quiet, -1=unclassified); Col. 7 BAL flag (1=BAL, 0=non-BAL); Col. 8 log of the specific luminosity at 2500Å in erg s −1 Hz −1 ; Col. 9 log of the specific luminosity at 2 keV in erg s −1 Hz −1 ; Col. 10 UV to X-ray power law index α ox ; Col. 11 residual of α ox w.r.t. the adopted α ox -L UV correlation; and Col. 12 hardness ratio between the bands 1-2 keV and 2-4.5 keV.
3 After the submission of the article, a note has been distributed about "Incorrect EPIC band-4 fluxes in the 2XMM and 2XMMi catalogues" (XMM-Newton News #105, http://xmm.esac.esa.int/external/xmm news/news list/). This affects 83 observations among the 315 in Table 1 , which is corrected in agreement with the new data released by the XMM-Newton Survey Science Centre. All our analysis is also corrected with the new data. The sources span a region in the luminosity-redshift plane with 0.1 < ∼ z < ∼ 3 and 10 29 erg s
Hz −1 , as shown in Fig. 1 .
Evaluation of the specific luminosities

UV
The Optical Monitor onboard XMM-Newton is described in detail in Mason et al. (2001) . The set of filters included within the XMMOMSUSS catalogue is described in a dedicated page at MSSL 5 . The filters are called UVW2, UVM2, UVW1, U, B, and V, with central wavelengths 1894Å, 2205Å, 2675Å, 3275Å, 4050Å, and 5235Å, respectively. The last three filters are similar, but not identical, to the Johnson UBV set.
In the evaluation of the rest-frame luminosities, it is inadvisable to apply k-corrections using fixed power laws, because the local slope of the power law 6 at the emission frequency corresponding to the observed bandpasses changes as a function of the source redshift, between ∼ −0.5 and ∼ −2 (see, e.g., Richards et al. 2006) . The effective slope to compute specific luminosity at 2500Å is an appropriate average of the slopes between the emission frequency and the frequency corresponding to 2500Å.
One or more specific fluxes, up to six, are reported in XMMOMSUSS for the filters effectively used for each source, depending on observational limitations at each pointing. We were therefore able to compute optical-UV spectral energy distributions (SEDs) for each source. We derived specific luminosi-5 http://www.mssl.ucl.ac.uk/∼mds/XMM-OM-SUSS/SourcePropertiesFilters.shtml. 6 We adopt spectral indices following the implicit sign convention, ties at the different emission frequencies of the SEDs according to the classical formula
The result is plotted in Fig. 2 , where SEDs with 2-6 frequency points are shown as lines, while small circles represent sources with only 1 frequency point. Black lines and circles refer to sources with data at a single epoch, while colours are used for multi-epoch sources. Data from the same source are plotted with the same colour, but more sources are represented with the same colour. The continuous curve covering the entire range of the plot is the average SED computed by Richards et al. (2006) for Type 1 quasars from the SDSS. The specific luminosity at 2500Å, (log ν e = 15.08), called L UV for brevity, is evaluated as follows: i) if the SED of the source extends across a sufficiently wide range at low frequency, crossing the log ν e = 15.08 line (see Fig. 2 ), L UV is computed as an interpolation of the SED values in the 2 nearest frequency points; ii) in the other cases, i.e., if log ν e > 15.08 for all the SED, we use a curvilinear extrapolation, adopting the shape of the average SED by Richards et al. (2006) , shifting it vertically to match the specific luminosity of the source at the lowest frequency point available, say ν 1 , and applying a correction factor between log ν 1 and 15.08. Another possibility would be to extrapolate the source's SED using a power law with the same slope as that between the two lowest frequency points, but this is not applicable when there is only 1 frequency point, and is inappropriate when log ν 1 > ∼ 15.3, because it is then in a region where the average SED by Richards et al. (2006) steepens. We therefore do not apply this power law extrapolation, and use instead the curvilinear extrapolation (ii) described above. However, we tested the use of this power law extrapolation for the subset of SEDs for which it can be applied, and computed the α ox − L UV relation as described in the following (Sect. 4). We found similar slopes (within 0.010) and dispersions (within 0.005), which does not influence our final conclusions.
X-ray
X-ray fluxes are provided by the XMMSSC catalogue integrated in 5 basic energy bands, 0.2-0.5 keV (band 1), 0.5-1 keV (band 2), 1-2 keV (band 3), 2-4.5 keV (band 4), and 4.5-12 keV (band 5) (Watson et al. 2009 ). Power law distributions with photon index 7 Γ = 1.7 and absorbing column density N H = 3 × 10 20 cm
are assumed in the computation of the fluxes.
To evaluate the specific luminosity at 2 keV (which we call L X for brevity), we can use the flux in one of the two adjacent bands, 3 or 4. Since the fluxes are computed with negligible absorption, we prefer to use the band 4, which is less absorbed than the band 3 in type-2 obscured AGNs. It would also be possible to directly measure rest-frame 2 keV flux from observed lowenergy bands 1 or 2, but -again -this would provide in some cases an absorbed flux. We therefore use the power law integral
and determine the specific flux at 2 keV (observed frame) to be:
We then apply a standard power law k-correction
adopting Γ = 1.7 as assumed in the catalogue.
The α ox − L UV anticorrelation
We define, as usual
and show in Fig. 3 , α ox as a function of L UV for all the sources in Table 1 , including also multi-epoch measurements where available. Radio-loud quasars and BAL quasars are also shown with different symbols, and they are then removed from the main correlation. Radio flux density at 1.4 GHz from FIRST radio survey (Becker et al. 1995) is directly available in the SDSS-DR5 Quasar Catalog, where radio sources are associated with SDSS positions adopting a cross-correlation radius of 2 arcsec (Schneider et al. 2007) . In a few cases, additional radio information is taken from the NVSS survey (Condon et al. 1998 ) and/or from the NASA Extragalactic Database (NED). In total, radio 7 With the usual convention of explicit minus sign for the photon index, P(E) ∝ E −Γ and with the implicit sign adopted by us for the energy index α, the relation between the two indices is Γ = 1 − α. The dot-dashed, and long-dashed lines are the best-fit relations found by Gibson et al. (2008) , and by Grupe et al. (2010) , respectively, and are plotted for limited ranges of luminosities, as analysed in the corresponding works.
information is available for 228 sources out of 241 in Table 1 . Following Gibson et al. (2008) , we assume a radio spectral index α = −0.8 to estimate the specific luminosity at 5 GHz. We then calculate the radio-loudness parameter (e.g., Kellermann et al. 1989) ,
and classify sources with log(R * ) ≥ 1 as radio-loud (RL), marking them with f RL = 1 in Table 1 . Sources without detected radio flux or with log(R * ) < 1 are classified as radio-quiet (RQ) and marked with f RL = 0. Sources without radio information from FIRST, NVSS, or NED are marked with f RL = −1 . Eight sources are present in the Gibson et al. (2008) and Gibson et al. (2009) catalogues as BAL quasars, and are accordingly marked in Table 1 with f BAL = 1.
As a first step, we show in Fig. 3 linear least squares fits corresponding to all the available measurements with the same weights, even for multi-epoch sources, as if they were different sources. The thin continuous line is a fit to all the sources, regardless of their radio-loudness and/or BAL characteristics, given by
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A second fit, shown as a dotted line, corresponds to radio-quiet non-BAL sources, which are 193 of 241 in our sample
Radio-unclassified sources marked in Table 1 with f RL = −1, are not included in this fit. Including them would make however a minor difference, as we have verified.
Most of the radio-loud sources in Fig. 3 are located above the fits, as expected, radio-loud quasars being known to have jetlinked X-ray emission components that generally lead to higher X-ray-to-optical ratios than those of radio-quiet quasars (e.g., Worrall et al. 1987) .
One source, #130 in Table 1 , appears to be very X-ray weak relative to the average correlation, as quantified in Sect. 4.1. This source is discussed further in Sect. 6 and we believe there are reasons to consider it to be anomalous. We then exclude it, so obtaining a reference sample of 192 radio-quiet non-BAL sources, not containing source #130. We indicate with a thick continuous line the corresponding fit
These correlations can be compared with that reported by Gibson et al. (2008) , which is shown in Fig. 3 as a dot-dashed line
( 10) and with those found by previous authors, usually flatter, as e.g. in Just et al. (2007) , whose fit is shown in Fig. 3 as a dashed line:
The analysis of Grupe et al. (2010) is also interesting, because it uses simultaneous X-ray and optical measurements from Swift, and has a yet flatter slope
We note that the relations of Gibson et al. (2008) and Grupe et al. (2010) are obtained by means of analyses in limited ranges of UV luminosities and redshifts, respectively of (30.2 < log L UV < 31.8, 1.7 < z < 2.7) and (26 < log L UV < 31, z < 0.35). This suggests a possible dependence of the slope of the α ox − L UV relation on luminosity or redshift or both, and is discussed further in Sect. 4.2.
We now limit ourselves to our reference sample of 192 sources, and show in Fig. 4 (as open circles) the average values of L UV and α ox for 41 multi-epoch sources, together with the corresponding values for 151 single-epoch sources (black dots). Source #45 is a known gravitational lens (Kochanek et al. 1997 ). Chartas (2000) estimated that its luminosity is amplified by a factor ∼ 15. We plot this source in Fig. 4 as an open square at the observed luminosity, and deamplified by a factor of 15 as an open circle, connected to the observed point by a dotted line. The parameter α ox is not affected, as gravitational lensing is achromatic.
The best-fit relation to the data in Fig. 4 , including source #45 with its deamplified luminosity, is
Separate fits for single-epoch and multi-epoch sources give, respectively, α ox = (−0.179 ± 0.016) log L UV + (3.863 ± 0.482) and α ox = (−0.171 ± 0.029) log L UV + (3.657 ± 0.877). 
Dispersion in α ox
We adopt Eq. (13) as our reference α ox (L UV ) relation and investigate the dispersion of the sources around it. We therefore define the residuals
We show in Fig. 5 the histograms of ∆α ox , using the average values of multi-epoch measurements as in Fig. 4 . Contour histogram represents all sources, the filled histogram the reference sample, and source #130 is marked by a cross. The two histograms have standard deviations σ = 0.158 and σ = 0.122, respectively. The source #130, with ∆α ox = −0.60, differs by about 5σ from the reference relation, and appears X-ray weaker by a factor of ∼ 40 than AGNs of the same UV luminosity.
The dispersion in our ∆α ox distribution is comparable to those obtained by, e.g., Strateva et al. (2005) , Just et al. (2007) , and Gibson et al. (2008) on the basis of non-simultaneous Xray and UV data, with values between 0.10 and 0.14. Our result based on simultaneous data eliminates a possible cause of dispersion due to "artificial α ox variability". The dispersion is not lower than previous non-simultaneous estimates, thus it is probably caused by other factors affecting the X-ray/UV ratio. These could include: (i) "intra-source dispersion", caused by "intrinsic α ox variability", i.e., true temporal change in the X-ray/UV ratio for individual sources, and/or (ii) "inter-source dispersion", due to intrinsic differences in the average α ox values from source to source, perhaps related to different conditions in the emitting regions. (14)) for all the sources (contour histogram), and for the reference sample (filled histogram). Source #130 is marked by a cross. Dispersions for the two samples are σ = 0.158 and σ = 0.122, respectively.
Dependence on z and L
To estimate the possible dependence of α ox on redshift, we perform a partial correlation analysis, correlating α ox with L UV , with account for the effect of z, and correlating α ox with z, taking account of the effect of L UV . For our reference sample of 192 radio-quiet, non-BAL, sources, we find a Pearson partial correlation coefficient r αL,z = −0.51, with a probability P(> r) = 1.3 × 10 −12 for the null hypothesis that α ox and L UV are uncorrelated. The other partial correlation coefficient is r αz,L = 0.05 with P(> r) = 0.52, which implies that there is no evidence of a correlation with z.
Our results agree with previous studies (Avni & Tananbaum 1986; Strateva et al. 2005; Steffen et al. 2006; Just et al. 2007 ), which also found no evidence of a dependence of α ox on redshift (see however Kelly et al. 2007 ).
In the upper panel of Fig. 6 , we plot the residuals α ox − α ox (L UV ), Eq. (14), as a function of z, which show no correlation (r = 0.027, P(> r) = 0.703, ∆α ox = (0.005 ± 0.014)z + (−0.006 ± 0.018)). In the lower panel, we plot the residuals α ox − α ox (z) as a function of log L UV , after computing the average α ox − z relation, α ox (z) = (−0.139 ± 0.016)z + (−1.394 ± 0.022). These residuals clearly decrease with luminosity (r = −0.305, P(> r) = 2.4 × 10 −5 , ∆α ox = (−0.067 ± 0.015) log L UV + (2.050 ± 0.465)). Similar results were obtained by Steffen et al. (2006) . These results suggest that the dependence of α ox on z is induced by the intrinsic dependence on L UV through the L UV − z correlation.
The slope of the α ox − L UV relation, according to the fits by Gibson et al. (2008) and Grupe et al. (2010) , shown in Fig. 3 with the results of Just et al. (2007) and ourselves, may be flatter at lower luminosity and/or redshift. We divide our reference sample into two equally populated subsamples, log L UV ≶ 30.43, finding α ox = (−0.137 ± 0.029) log L UV + (2.639 ± 0.878) for the low luminosity sources, and α ox = (−0.193 ± 0.038) log L UV + (4.319 ± 1.182) for the high luminosity ones, while for the entire sample Eq. (13) is valid. A Student's-t test applied to the low-L UV and high-L UV subsamples gives a 12% probability that they are drawn from the same parent distribution. A similar result was found by Steffen et al. (2006) . We similarly divide our sample into two redshift subsamples, z ≶ 1.2, finding α ox = (−0.166±0.022) log L UV +(3.491±0.650) for the low z sources, and α ox = (−0.225 ± 0.033) log L UV + (5.305 ± 1.015) for the high z sources. Application of the Student's-t test gives in this case a 7% probability that low-z and high-z subsamples are drawn from the same parent distribution.
This suggests that the slope of the α ox − L UV relation may be L UV -and/or z-dependent. However, the apparent dependence on z can be an artifact of a true dependence on L UV , or vice versa. A sample of sources evenly distributed in the L−z plane is required to distinguish these dependences.
Multi-epoch data
We show in Fig. 7 the tracks of individual sources in the α ox −L UV plane, for the reference sample. Only 41 of 192 sources have multi-epoch information, and most of them exhibit small variations. Some sources (#73, #168) have strong variations in both α ox and L UV , but nearly parallel to the average α ox − L UV relation, therefore not contributing appreciably to the dispersion in ∆α ox . A few sources (e.g., #90, #157, #225) have appreciable or strong variations perpendicular to the average relation, possibly contributing to the overall dispersion. Figure 8 shows a histogram of the individual dispersions in ∆α ox for these 41 sources.
Most sources have data at only 2 epochs, and only 9 sources have more epochs, up to 9. The individual variations occur on different timescales, from hrs to yrs, and cannot be directly compared with each other. It is however possible to build an ensemble structure function (SF) to describe the variability in a given quantity A(t) for different rest-frame time-lags τ. We define it as in di Clemente et al. (1996) S F(τ) = π 2
The factor π/2 is introduced to measure SF in units of standard deviations, and the angular brackets indicate the ensemble average over appropriate bins of time lag. The function A(t) is usually a flux or luminosity in a given spectral band, or its logarithm.
Here, we apply the definition of Eq. (15) to both α ox (t) and the residuals ∆α ox (t). The result is illustrated in Fig. 9 for both functions. There is a clear increase in both SFs, which reach average variations of up to ∼ 0.07 at ∼ 1yr rest-frame. Unfortunately, the sampling is quite irregular, and most sources contribute with single points (corresponding to 2 epochs), while the few sources with more epochs have a greater weight in the ensemble statistic. To check whether the increase in SFs may be due to a single highly variable source, we compute new SFs by removing source #157, which also has a relatively high number of epochs (n = 6 epochs, therefore contributing n(n − 1)/2 = 15 SF points), and find in this case a slightly smaller (but still relevant) increase (∼ 0.06 at ∼ 1yr). These values can be compared with the dispersion in the residuals shown in Fig. 5 , which is σ = 0.122 for the reference sample. We note that the ensemble variability of ∆α ox was computed for only 41 multi-epoch sources, while the filled histogram shown in Fig. 5 also includes 151 single-epoch sources. We then checked whether the dispersions in the residuals for the singleepoch and multi-epoch subsamples are similar, being σ = 0.122 and σ = 0.119, respectively.
It then appears that variability in α ox could account for a large part of the observed dispersion around the average α ox − L UV correlation. It is reasonable to expect that sources measured at single-epochs have temporal behaviours similar to those described by the SFs of Fig. 9 , and that the variations in individual sources during their lifetime are similar to the variations measured from source to source at random epochs. However, the average temporal values of individual sources may differ, and "inter-source dispersion" may be present, in addition to "intrasource dispersion" (see Sect. 4.1). Assuming that other factors contributing to the dispersion can be neglected, the overall variance would then be:
Our structure function analysis infers a value of 0.07 for the intra-source dispersion at 1 yr (or 0.06 if we remove the highly variable source #157), while the total dispersion in the residuals shown in Fig. 5 is σ ∼ 0.12. This would indicate a ∼ 30% contribution of intra-source dispersion to the total variance σ 2 . However, the SF may increase further at longer time delays, so that the contribution of intra-source dispersion would be higher, while that of inter-source dispersion would be constrained toward lower values.
Other factors may affect the dispersion, for example: (i) errors in the extrapolations of UV and X-ray luminosities, (ii) differences in galactic absorption, (iii) spurious inclusion of unknown BAL sources. From Fig. 2 , it appears that a few sources have SEDs with anomalous slopes, and extrapolations with the average SED by Richards et al. (2006) infer in these cases poor luminosity estimates; however, this applies only to a small fraction of the sample. For X-rays, we adopted Γ = 1.7 to be consistent with the fluxes catalogued in the XMMSSC; a distribution of Γ values would introduce an extra dispersion. All these factors would probably contribute an additional term in Eq. (16). This would constrain more tightly the contribution of the inter-source dispersion, therefore increasing the relative weight of variability and intra-source dispersion.
A finer sampling of the SF and a homogeneous weight of the individual sources are however needed to quantify more definitely the contribution of variability, and which fraction has yet to be explained by other factors. Simultaneous UV and X-ray observations for a homogeneous sample of sources no greater than our own would be sufficient, assuming that each source is observed at ∼ 10 epochs, spanning a monitoring time of a few years.
Peculiar sources
2XMM J112611.6+425245
We computed the X-ray luminosity and the α ox spectral index starting from the X-ray flux in the 2-4.5 keV band (XMM-Newton band 4), as described in Sect. 3. Since 2XMM J112611.6+425245 (source #130) is X-ray weak by a factor ∼ 40, we analysed the X-ray information in the various XMMNewton bands, available in the XMMSSC catalogue, and found this source to be even weaker in the softer 1-2 keV band (band 3), with a very high hardness ratio between the two bands, HR3 = (CR4 − CR3)/(CR4 + CR3) = 0.52, CR3 and CR4 being the count rates in the two bands. We then plot the sources of Table 1 in the plane ∆α ox − HR3, to see whether X-ray weak sources are in some way related to particular values of the X-ray hardness ratio. This is shown in Fig. 10 , where it can be seen that most sources are concentrated in a region with "standard" values around ∆α ox = 0 and HR3 −0.4, while a few sources are located at greater distances, along tails in various directions. Source #130, indicated by a × sign in the figure, is the most distant, and very X-ray weak and very hard. Hu et al. (2008) report this source (which has a redshift z = 0.156) in their study of the FeII emission in quasars, where The source 2XMM J112611.6+425245 also has a high HR4 = (CR5 − CR4)/(CR5 + CR4) = 0.63, CR5 being the count rate in the 4.5-12 keV energy band. High values of HR3 and HR4 are used by Noguchi et al. (2009) to select, on the basis of a modelling of the direct and scattered emission, a sample of AGNs hidden by geometrically thick tori. The hardness ratios of this source imply that it is a good candidate for that class of AGNs.
2XMM J123622.9+621526
Source #157 is one of those with the greatest variance in ∆α ox . It exhibits even more extraordinary variations in HR3, which are shown in Fig. 10 by a broken line. It is in the Chandra Deep Field North, and its X-ray spectrum, analysed by Bauer et al. (2004) , classifies it as an unobscured quasar. While its UV luminosity has remained nearly constant, its ∆α ox and HR3 have varied by 0.22 and 0.76, respectively, between epochs 5 and 6 in Table 1 , which differ by 20 days in the observed frame, i.e., less than a week in the rest-frame at the redshift z = 2.597.
Discussion
The behaviour of α ox , i.e., its dependence on luminosity and redshift, its dispersion and variability, are to be considered as symp- It is generally believed that variable X-ray irradiation can drive optical variations by means of variable heating of the internal parts of the disk on relatively short timescales, days to weeks, while intrinsic disk instabilities in the outer parts of the disk dominate on longer timescales, months to years, propagating inwards and modulating X-ray variations in terms of Compton up-scattering in the corona (Czerny 2004; Arévalo 2006 Arévalo , 2009 Papadakis et al. 2008; McHardy 2010) .
The structure functions of the light curves increase on long timescales both in the optical (e.g., di Clemente et al. 1996; Vanden Berk et al. 2004; Bauer et al. 2009 ) and X-rays (e.g., Fiore et al. 1998, Vagnetti et al., in prep.) . This, however, does not imply that the α ox SF also increases with time lag. Larger changes (on long time lags) in both X-ray and UV fluxes may occur without changes in the spectral shape (i.e., with constant α ox ). Our results shown in Fig. 9 indicate that this is not the case, i.e., that slope changes are indeed larger on longer timescales.
Moreover, it is evident from Fig. 9 that most of the dispersion about the α ox − L UV relation is due, in the present sample, to variations on timescales from months to years, which are associated with optically driven variations, according to the general belief.
The α ox structure function does not distinguish between the hardening or softening of the optical to X-ray spectrum during brightening. This is instead described by the spectral variability parameter β = ∂α/∂ log F (Trevese et al. 2001; Trevese & Vagnetti 2002) , which can be adapted to the optical-X-ray case to become
where β ox is the slope of the correlated variations δα ox and δL UV , and describes whether a source hardens when it brightens or vice versa, i.e., if the X-ray luminosity increases more than the optical or less. For example, single source variations parallel to the α ox anticorrelation have a negative β ox , while variations perpendicular to the correlation have β ox > 0. Both of these behaviours can be seen in Fig. 7 . Of course, the different behaviour of the sources in the α ox − L UV plane may correspond to a different time sampling. Constraining physical models of the primary variability source and disk-corona coupling would require the analysis of β ox as a function of the time lag. This analysis does not look feasible, i.e., to have statistical reliability, with the present sparse sampling. We can propose more conventional scenarios and note that since most of the variability, in the present sample, occurs on long (∼ 1 year ) timescale, it is presumably associated with optically driven variations. Considering all the measured variations δα ox and δL UV , we obtain the "ensemble" average β ox = −0.240. The negative sign implies that, on average, a spectral steepening occurs in the brighter phase. This is, in fact, consistent with larger variations in the UV band, driving the X-ray variability. The value of β ox can be compared with the average slope of the α ox − L UV relation, Eq. (13), indicating that the UV excess in the brighter phase (steepening) is larger than the average UV excess in bright objects respect to faint ones.
Finally we emphasise that, despite its limitations, the present analysis illustrates the feasibility of an ensemble analysis of the α ox − L UV correlation, e.g., by considering the β parameter as a function of time lag. What is presently missing is an adequate simultaneous X-ray-UV sampling, at relatively short time lags, of a statistical AGN sample. An ensemble analysis may provide important constraints even when the total number of observations does not allow us to carry out a cross-correlation analysis of X-ray and UV variations of individual sources.
We summarise our main results as follows:
-we have studied the α ox − L UV anticorrelation with simultaneous data extracted from the XMM-Newton Serendipitous Source catalogues; -we confirm the anticorrelation, with a slope (-0.178) slightly steeper w.r.t. Just et al. (2007); -we do not find evidence for a dependence of α ox on redshift, in agreement with previous authors (e.g. Avni & Tananbaum 1986; Strateva et al. 2005; Steffen et al. 2006; Just et al. 2007) ; -there appears to be a flatter slope to the anticorrelation at low luminosities and low redshifts, in agreement with previous results by Steffen et al. (2006) ; -the dispersion in our simultaneous data (σ ∼ 0.12) is not significantly smaller w.r.t. previous non-simultaneous studies (Strateva et al. 2005; Just et al. 2007; Gibson et al. 2008) , indicating that "artificial α ox variability" introduced by nonsimultaneity is not the main cause of dispersion; -"intrinsic α ox variability" , i.e., true variability in the X-ray to optical ratio, is important, and accounts for ∼ 30% of the total variance, or more; -"inter-source dispersion", due to intrinsic differences in the average α ox values from source to source, is also important; -the dispersion introduced by variability is mostly caused by the long timescale variations, which are expected to be dominated by the optical variations; the average spectral softening observed in the bright phase is consistent with this view; -distinguishing the trends produced by optical or X-ray variations may be achievable using the ensemble analysis of the spectral variability parameter β ox as a function of time lag; crucial information would be provided by wide field simultaneous UV and X-ray observations with relatively short (days-weeks) time lags. 
